The authors' previous study with an eye camera revealed that when asked to mark the centre of a line patients with left unilateral spatial neglect persist in fixating a point on its right part and place the subjective midpoint there without searching leftwards. The present study examined the patterns of leftward search ofnine patients with left unilateral spatial neglect when they were required to search for the left endpoint of the line after the bisection. The patients could search leftwards beyond the subjective midpoint to place the mark at the subjective left endpoint. The initial fixation in this search always fell near the point located to the left of the subjective midoint by the distance between the subjective midpoint and the right endpoint of the line. In patients with severe neglect the search further to the left of this point was laborious and fell short of the true left endpoint in about 80% of the trials. Our results suggest that when asked to bisect a line patients with left unilateral spatial neglect subjectively see the line as it extends equally to either side of the point where they are going to mark the subjective midpoint.
The line bisection test has long been used for a sensitive measure ofunilateral spatial neglect."2
Patients with left unilateral spatial neglect place the subjective midpoint to the right of the true centre. Recently, we elucidated the visuospatial processes of line bisection by observing the eye fixation pattern with an eye camera. 3 Once the patients with left unilateral spatial neglect fixated a certain point on the right part of a line they persisted with this point and marked the subjective midpoint there. Leftward search never occurred. As the fixation point recorded by the eye camera corresponds closely to the macula of the retina, the visual field on the left side of the fixation point was considered equivalent to the impaired field due to accompanying left homonymous hemianopia or left-sided visual extinction.4 Thus the lack of leftward search beyond the subjective midpoint indicated that the subjective midpoint was marked, not at the centre of the line segment perceived in the seeing right visual field, but at the leftmost point of it, although the patients understood the meaning of line bisection. We interpreted these results to mean that patients with left unilateral spatial neglect subjectively see the line as it extends equally to either side of the point where they are going to mark the subjective midpoint. This interpretation has been discussed in detail in our previous paper.3
The present study examined the pattern of leftward search when patients with left unilateral spatial neglect were asked to mark the left endpoint of the line after the bisection of it. We predicted that the visuospatial process during line bisection should be reflected in the pattern of search for the left endpoint of the line. Procedure A line 200 mm or 150 mm long drawn horizontally across the centre of B5 (182 x 257 mm) plain paper was presented to the subjects by the examiner who sat facing them. They were instructed to mark the centre of the line which was so placed that the true midpoint was in line with the sagittal midplane of the subject's body. They then had to search for and mark the We recorded the eye fixation pattern and the marking process throughout the tasks by means of an eye camera (Eye Mark Recorder type V; NAC Inc). The head unit of this apparatus, which includes a scene camera as well as the eye camera, is only 830 g in weight and is connected to the control unit by flexible cables. Head movement was possible during the task. The subjects could perform the tasks under near natural conditions. The corneal reflection detected by the eye camera is transduced electronically in to the eye mark and then superimposed on the picture from the scene camera. The movements of the eye mark are adjusted so that when the subject looks at known points in the visual scene the mark lies over these points in the combined eye-scene picture. We recorded the combined eye-scene picture with a video tape recorder at a speed of 30 frames/s.
Methods

Subjects
Data analysis
The fixation point always moved on the line during the task which included both the line bisection and the marking of the subjective left endpoint. Lateral movement of the fixation point on the line was analysed, reproducing the VTR recording of the eye-scene picture frameby-frame.
Results
Eyefixation pattern during line bisection Figure 1 shows examples of the eye fixation patterns from the first fixation on the line to the start of marking the subjective left endpoint for 200 mm lines. The left unshadowed parts of the graphs correspond to the period of line bisection-that is, the process from the first fixation on the line to the start of marking the subjective midpoint. When the line was presented, the subjects could find it without difficulty and fixated a certain point on the right part of the line. They persisted with this point and marked the subjective midpoint there.
Although rightward search was occasionally interspersed with the dominant fixation, leftward search never occurred. All the subjects showed such an eye fixation pattern during line bisection in all the trials for both 200 mm and 150 mm lines.
Search for the left endpoint
In the second part of the task after line bisection, when the subjects were required to search for the left endpoint of the line, all of them began to search leftwards. As the manual marking of the subjective midpoint took a few seconds in some patients, the leftward search occasionally started within the duration of marking the subjective midpoint (figure 1, shadowed area). The initial fixation in this leftward search always fell near the point located to the left of the subjective midpoint by the distance between the subjective midpoint and the right endpoint of the line (figure 1). This point corresponds to the left endpoint of the "subjective line", which the subjects were expected to see subjectively as it extends equally to either side ofthe subjective midpoint during line bisection. Further leftward search, however, was made beyond there. This search consisted of a few stepwise saccadic movements (figure 1B) or slow pursuit-like movements (figure IC) or both of the fixation points. The subjective left endpoint was marked at the leftmost point of this search. The search did not always reach the true left endpoint. We defined that a fixation was made when the fixation points on six or more serial frames of VTR were located in the same position. Six frames correspond to a duration of 200 ms, somewhat shorter than the lower limit of the duration of a fixation (250 ms) proposed by Yarbus.8 The duration 200 ms is equal to the mean latency of the primary saccade without prediction in normal subjects.9 The mean durations of the initial fixation were 1356 ms (SD 548) for type 1 pattern ofleftward search and 322 ms (SD 166) for type 2 pattern. The leftward search before the initial fixation was made up of one saccadic movement in 93% (50:54) of all the trials. In the remaining 7%, it was interrupted by a small step where the fixation point stayed at the same position through less than six frames.
Location of the initialfixation in the leftward search We compared the length of the line segment between the initial fixation in the leftward search and the right endpoint of the line (figure 2,*) with that of the subjective line. Severity of neglect and the search for the left endpoint In this study we have shown that all the patients made leftward searches in the second part of the task when they were required to search for the left endpoint of the line after line bisection. This suggests that patients with left unilateral spatial neglect have the ability to search leftwards beyond the subjective midpoint when they are asked to do so. The initial fixation in the leftward search always fell near the point which was located to the left of the subjective midpoint by the distance between the subjective midpoint and the right endpoint of the line. This point corresponds to the left endpoint of the subjective line which the subjects were expected to see during line bisection. Some patients bisected lines of the same length with varied deviations. In each of such trials, the initial fixation in the leftward search was found to fall near the left endpoint of the subjective line. These results (and those of our previous work3) suggest that when asked to bisect a line, patients with left unilateral spatial neglect subjectively see the line as it extends equally to either side of the point where they are going to mark the subjective midpoint. Patients with left unilateral spatial neglect, however, can appreciate the deviation of the subjective midpoint when they see the whole line in the right visual field.3 They might search leftwards until the part of the line perceived in the right visual field was divided into two equal parts by the subjective midpoint. If the search was guided by such an adjustment, it would be slower and more stepwise before reaching the point located to the left of the subjective midpoint by the distance between the subjective midpoint and the right endpoint. As the search to this point was almost always made up of one saccadic movement, this explanation seems unlikely.
Recently, several papers'615 have reported that there are diverse patterns of behaviour in line bisection as a function of different line lengths. Bisiach et a116 tried to interpret these diverse patterns, focusing on the left endpoint of the "represented line" which was deduced from the right endpoint of the line and the subjective midpoint just like the subjective line in the present study. They considered that some patients adjusted the subjective midpoint to the centre of the represented line. Our results suggests that the line which patients with left unilateral spatial neglect subjectively see during line bisection is simply based on the point where they persist in fixating and mark the subjective midpoint. Therefore it seems difficult to consider that the representational mechanism determines where to mark the subjective midpoint on the line. The patterns of leftward search were classified into two types. In type 1, the subject left endpoint was marked at the point of the initial fixation in the leftward search and no further search occurred. In type 2, further leftward search occurred beyond the point of the initial fixation, although this search did not always reach the true left endpoint of the line. The leftward search beyond the left endpoint of the subjective line tended to be laborious or fall short of the true left endpoint when left unilateral spatial neglect was severe. Kartsounis and Warrington"9 reported that the performance of patients with unilateral spatial neglect sometimes improves when stimuli are interactive or continuous or both. In the case oftype 2 search, we consider that the patients searched by tracing the left limb ofthe line further to the left of the subjective line.
